Background: U.S. Latinos experience high rates of cardio-metabolic diseases and have high rates of physical inactivity and sedentary behavior. Understanding the environmental factors associated with physical activity and sedentary behaviors among Latinos could inform future interventions. The purpose of this study is to explore the neighborhood environment correlates of physical activity and sedentary behavior in a sample of U.S. Latino adults.
Background
Latinos in the United States experience disproportionately high rates of obesity, type 2 diabetes and cardiovascular disease (CVD) [1, 2] . Less than one third (32.6 %) of White adults are obese compared to 42.5 % of Latino adults [3] . U.S. Latinos are also two-thirds more likely to develop type 2 diabetes, with a prevalence rate of 16.9 % versus 10.2 % among non-Hispanic Whites [4] . Additionally, as of 2013, approximately one-third of adult U.S. Latino men (33.4 %) and women (30.7 %) aged 20 years and older have CVD [2, 5] .
Both sedentary behavior and physical activity have been consistently identified as important for cardiometabolic disease prevention, including lower risk for obesity, diabetes, CVD, and all-cause mortality [1, 6] . However, currently, 59.8 % of U.S. Latino adults do not meet the American College of Sports Medicine (ACSM) recommended guidelines for physical activity (>150 min per week) [4] . It is also estimated that the general adult population spends up to 70 % of their waking hours in sedentary activities such as watching TV, using a computer, sitting at work, and transportation [7] [8] [9] . Emerging research also suggests that Latinos also may be spending up to 74 % of their waking hours being sedentary [10] .
Environmental factors such as individuals' neighborhoods may also increase risk for CVD, as communities with lower socioeconomic status (SES), such as those in which U.S. Latinos often live, have higher rates of morbidity and mortality [11] [12] [13] . However, much of the literature on the influence of the neighborhood environment on CVD uses U.S. Census Bureau data, limiting our ability to investigate specific neighborhood attributes relevant to individual health behaviors such as physical activity and sedentary behavior [12] . As a result, researchers and public health practitioners need to have a better understanding of specific aspects of the environment associated with health behaviors in order to develop more comprehensive CVD prevention interventions [14] .
While studies have found neighborhood characteristics such as physical activity facilities, walkability (i.e. measure of how conducive an area is to walking), aesthetics, and safety are associated with physical activity in the general population [15] [16] [17] [18] [19] , the relationship among U.S. Latinos remains unclear. Two studies among Latina women and overweight and obese African American and Latina women found no associations between selfreported or accelerometer-measured physical activity and selected neighborhood environmental factors such as access to physical activity resources (measured via proximity, availability, and cost), neighborhood safety from crime, neighborhood cohesion, and the pedestrian environment (i.e. availability of sidewalks) [20] [21] [22] . These studies counter findings in Latina immigrants which negatively associated physical activity and access to indoor and outdoor places for exercise, heavy traffic, speedy drivers, and unattended dogs in the neighborhood [23] . Together, these studies represent a body of research limited by inconsistent environmental factors, sole focus on Latina women, and inclusion of other minority populations; highlighting the need to further examine the relationship between physical activity and factors of the neighborhood environment where U.S. Latinos live.
Several studies have examined the relationship between sedentary behavior and neighborhood environment. A recent review, of studies among primarily with white populations, has reported mixed results between neighborhood environment variables and selected sedentary behaviors/sedentary time [24] . Sedentary activities such as TV viewing and more time spent sitting in a car have been associated with lower levels of neighborhood walkability [25] . However, living in medium-and highwalkable areas was associated with less TV watching in a sample of Australian women [26] . Finally, although driving longer distances has been related to living in low-walkable suburban neighborhoods [27] , neighborhood walkability was associated with higher levels of sedentary time among Belgian adults [28] . To our knowledge, only one study [29] has examined the relationship between neighborhood environment and sedentary behavior and in Latinos; positively associating neighborhood attractiveness and safety with more time sitting in a car, but not overall sedentary time [22, 29] .
These uncertain associations between neighborhood environment factors and sedentary behavior and physical activity warrant further investigation, particularly among U.S. Latinos, a population with considerable CVD risk. Having a greater understanding of the association between neighborhood environment attributes and physical activity and sedentary behaviors may provide insights for public health interventions seeking to reduce CVD risk and health disparities. Additionally, given the differences between physical activity and sedentariness [9] , it is likely that these behaviors have unique sets of environmental determinants [25] . Therefore, the purpose of this study was to explore the association between selected neighborhood environment factors and physical activity and sedentary behavior in a sample of Latino adults.
Methods

Study design
This is a cross-sectional analysis of the Lawrence Health and Well Being Study of Latino adults in the city of Lawrence, Massachusetts. Participants were patients at the Greater Lawrence Family Health Center (GLFHC), a federally qualified community health center that sees an estimated 80-85 % of the Lawrence area Latino population. Proportional sampling within specified age (21-34, 35-54, 55-85) and gender strata, using electronic patient records, randomly selected potential research participants who met inclusion and exclusion criteria. Inclusion criteria included, being of Latino or Hispanic ethnicity, Spanish or English speaking, and between 21 and 85 years of age. Ethnicity was self-reported, and we included individuals who perceived themselves at Hispanic or Latinos. Of note, a majority of the sample (73.4 %) reported being of Dominican ethnicity. Individuals were excluded if they were unable or unwilling to give informed consent, planned to move out of the area within the original study period, had cognitive impairments that precluded participation (i.e. answering verbally administered questions), and/or had a life expectancy of less than 5 years, as determined by their primary care provider (PCP). Letters signed by the chief medical officer that included a description of the study (in Spanish and English) were sent to eligible participants. The letters stated that a study coordinator would call patients to provide additional information about the study, assess eligibility, and inquire about interest in participating. A toll-free number was provided for patients to call if they did not wish to participate. Bilingual/bicultural coordinators contacted patients and patients who were interested and eligible were invited to participate. Each individual assessment took place at a community site with easy access to participants (the Lawrence Senior center), were administered verbally by trained staff, and lasted approximately 2.5-3 h.
Measures
Demographic characteristics
Individuals self-reported their gender, age, employment, education, and smoking status. Smoking status was assessed by asking individuals if they currently smoke every day, some days, or not at all. BMI was calculated from height and weight measured by study staff.
Physical activity
Physical activity was measured using the Women's Health Initiative (WHI) Brief Physical Activity Questionnaire [30] . This 9-item multiple choice questionnaire assessed leisure-time walking as well as mild, moderate, and vigorous physical activity. For each activity category, individuals were asked to report frequency ("How many days of the week do you usually do mild exercise?") and duration ("When you exercise like this, how long do you do it for?"). Frequency was assessed with a 5-point scale ranging from "never" to "7 + times" per week for walking, and ranging from "1 day" to "5 or more days" for mild, moderate, and vigorous exercise. Duration was assessed on a 4-point scale ranging from "less than 20 min" to "1 h or more". Physical activity per week was obtained by multiplying frequency and duration multiple choice categories. Categories with a range (i.e. 20-39 min) were recoded to their midpoint values [30] . Due to the high proportion of individuals participating in 0 min of physical activity per week, the data was further coded to categorize individuals as engaging in 0 min of physical activity per week (inactive), >0-150 min of physical activity per week (not meeting guidelines), or >150 min per week (meeting guidelines). This questionnaire has been validated with adequate sensitivity and measurement bias compared to widely accepted physical activity measures [30] .
Sedentary behavior
Sedentary behavior was assessed via The Sedentary Behavior Questionnaire [31] . Using this 22-item measure, individuals reported the amount of time they spent engaging in a set of sedentary behaviors on a scale 0 (none) to 9 (6 or more hours). Sedentary behaviors include sitting while: watching television, playing computer/video games, using the computer or Internet, listening to music, talking on the phone, doing paperwork or office work, reading, playing a musical instrument, doing arts and crafts, and driving or riding in a car, bus, or train. We modified the original scale to add additional sedentary activities: computer time and texting while sitting. For each behavior, individuals report average duration per day on weekdays and weekend days separately. Total sedentary time was calculated by converting scale ratings to number of hours. Weekday hours were multiplied by 5, weekend hours were multiplied by 2, and sums for total hours/week were averaged across 7 days. This questionnaire has a high intraclass correlation via testretest reliability, and has modest associations with objective measures of sitting [31] .
Environment
The Mujahid Neighborhood Health Questionnaire measured seven social and physical neighborhood environment features that may be associated with CVD risk, namely violence, safety, aesthetic quality, walking environment, availability of healthy foods, social cohesion, and activities with neighbors [11] . For safety, aesthetic quality, walking environment, availability of healthy foods, and social cohesion, responses were given on a 5-point Likert scale ranging from "strongly disagree" to "strongly agree". Scales for violence and activities with neighbors ranged from 1 (often) to 4 (never). Scores were estimated by averaging all items within the scale. Scores were reversed in order to improve clarity of interpretation so that higher scores suggested higher neighborhood violence, safety, aesthetic quality, walkability, available healthy foods, social cohesion, and activities with neighbors.. This has shown to be a valid and reliable measure, with Cronbach's alphas ranging from 0.73 to 0.83 and test-retest reliabilities of 0.6 to 0.88, and reliabilities of greater than 0.64 and 0.78 for objectively measured census tracts and census clusters, respectively [11] .
Statistical analysis
SPSS IBM Statistics (version 23) software was used for data analysis. Means, standard deviations, and frequencies were calculated for demographic variables as well as neighborhood variables, physical activity, and sedentary behavior. Multinomial logistic regression assessed the association of perceived neighborhood violence, safety, aesthetic quality, walking environment, availability of healthy foods, social cohesion, and activities with neighbors with level of physical activity engagement. Multiple linear regression models evaluated the extent to which perceived neighborhood violence, safety, aesthetic quality, walking environment, availability of healthy foods, social cohesion, and activities with neighbors were associated with total time spent in sedentary behavior. Perceived neighborhood variables were examined separately due to collinearity between subscales, as suggested by the survey developers [32] . Each perceived neighborhood variables was entered first into an unadjusted model for each outcome, and then a model adjusted for age, gender, BMI, education level, and smoking.
Results
Sample characteristics
A total of 602 Latino adults participated in this study. Demographic characteristics for the study participants are presented in Table 1 . The mean age was 46.64 years (SD = 15.45) and mean BMI was 29.79 kg/m 2 (SD = 5.97). Half (51.2 %) of the sample was female, over half (59.3 %) was employed, a majority were married or living with a partner (57.1 %), and almost one-third had at least come college (17.8 %) or a college degree (11.1 %). Less than half (41.7 %) met the physical activity guidelines of at least 150 min per week and 39.9 % of the sample participated in 0 min of physical activity per week. Participants engaged in an average 7.32 h of sedentary time per day (SD = 4.8). Means and standard deviations for neighborhood environment attributes are presented in Table 2 . Values were calculated as averages from the given subscales and either scaled from 1 to 4 or 1 to 5.
Neighborhood environment and physical activity Table 3 presents the results of the series of multinomial logistic regression models evaluating the associations between neighborhood characteristics, including perceived neighborhood violence, safety, aesthetic quality, walking environment, availability of healthy foods, social cohesion and activities with neighbors, and physical activity. In the unadjusted analyses, individuals who perceived their neighborhood as more walkable (OR = 1.445, p = .007) and to have higher availability of healthy foods (OR = 1.201, p = .033) were more likely to engage in more than 150 min of physical activity per week. After controlling for demographic factors, perceived neighborhood walkability also remained significantly associated with engaging in >150 min per week of physical activity (OR = 1.403, p = .018). Perceived availability of healthy foods was not associated with meeting physical activity guidelines (> 150 min per week) after adjusting for demographic variables. Table 4 presents the results of the multiple linear regression models examining the association between neighborhood characteristics, namely perceived neighborhood violence, safety, aesthetic quality, walking environment, availability of healthy foods, social cohesion, and activities with neighbors and sedentary behavior. In the unadjusted analyses, perceived neighborhood violence (β = .115, p = .005), safety (β = -.093, p = .023), and aesthetic 
The environment and sedentary behavior
Discussion
In this sample of predominantly low SES Latinos in the northeastern United States, engaging in the recommended levels of physical activity (>150 min per week) Significant at .01 Level was associated with neighborhood walkability. Latinos who lived in more walkable neighborhoods were more likely to meet physical activity guidelines. Conversely, physical features (i.e., walkability, aesthetic quality, and safety) of the neighborhood environment were not related to sedentary behavior in this sample, and sedentary behavior was related to greater engagement in activities with neighbors.
According to frameworks such as social cognitive theory and the social ecological model, behavior has multiple levels of influence including individual, physical and social environment, and organizational levels [33, 34] . As such, individual behaviors are influenced by and also influence the physical or social context in which the behavior takes place [13, 33] . Our study results suggest that environmental influences are behavior-specific and, thus, neighborhood-based interventions for increasing physical activity and reducing sedentary behavior may require different intervention targets.
Our findings are consistent with studies conducted with other populations in the U.S. and abroad that have found neighborhood walkability to be positively associated with physical activity [17] [18] [19] . Previous studies of Latinos included only Latina women, thus this study is novel in that it includes a more representative sample of Latino adults. Because this population is at higher risk for diseases preventable by regular physical activity, a better understanding of the environmental correlates of physical activity is critical. For example, Latina women have reported safety, heavy traffic, and poor access to places to exercise as barriers to physical activity [23, 35] . Suggestions to improve the neighborhood walkability could include improvement of sidewalks and ensuring that neighborhoods have safe places for residents to walk [23] . By incorporating the physical environment for promoting healthy behaviors, researchers and public health practitioners may be able to create more effective interventions.
To our knowledge, this was the first study evaluating the relationship between selected neighborhood environment characteristics and sedentary behavior in a sample of male and female Latino adults. An important finding of this study was the lack of relationship between characteristics of the physical environment and sedentary behavior. This is consistent with a review that concluded that, in contrast with its association with physical activity, physical features of the neighborhood environment may be unrelated to sedentary behavior [24] . Our findings do suggests that, given the relationship between sedentary behavior and activities with neighbors, additional research is needed among Latinos to examine how the social environment may influence sedentary behavior. The negative direction of the association between activities with neighbors and sedentary behavior suggests that these social relationships may center on sedentary behaviors. These activities might include sitting while eating dinner, watching television, or simply hanging out. Latinos often come from a collectivist culture where family and social ties are important and common, thus it may be that intervening within these well-established social networks may be effective for reducing sedentary time of individuals as well as their family and social network. It may also be critical to further investigate the culturallyspecific nature of different social engagements in order to further understand social norms within networks when evaluating the ability of social neighborhood attributes to reduce sedentary behavior. For, developing interventions that promote culturally-acceptable social engagements that collectively reduce sedentary behavior may be an effective strategy for sedentary behavior change.
A limitation of this study was the cross-sectional design. Future longitudinal research studies are needed to gain additional insight into the long-term and causal effects of neighborhood environments on physical activity and sedentary behaviors of Latinos. Another limitation of this study was the self-report nature of our measures. Measures of the neighborhood environment based on self-report represent perceptions that may or may not fully reflect the reality of people's neighborhoods. However, the self-report measure used in this study has demonstrated neighborhood reliabilities ranging from 0.76 to 0.88 for neighborhoods defined as census tracts [11] , which we believe attenuates this limitation. Furthermore, self-report measures of behavior present biases that over-or under-estimate true physical activity levels or sedentary behavior [36] due to variations in participant recall and interpretation of questions [36] . Additionally, we incorporated a physical activity questionnaire that has been only validated in women [30] . However, we believe that this concern is minimized, as the Women's Health Initiative (WHI) physical activity questionnaire has been validated against a similar self-report measure, the 7-day Physical Activity Recall (PAR), as well as accelerometers [30, 37] . Furthermore, studies examining these other self-report measures and accelerometers have found no differences in validity by gender [38, 39] . Finally, the study sampling procedures sought to facilitate recruitment of a representative sample of U.S. Latino adults living in the Lawrence, MA area, and most of whom are of Caribbean origin, and thus findings may not be generalizable to other Latino groups.
This study also had several strengths. First, this was the first study examining characteristics of the neighborhood environment associated with physical activity and sedentary behavior in a sample of both male and female Latino adults. Another strength of this study was that we evaluated, separately, physical activity and sedentary behavior. Previous research has often characterized sedentariness as engaging in less than the recommended amount of physical activity per day [9, 40] . Research is now suggesting that physical activity and high sedentariness can co-exist, and each should be viewed as a unique set of behaviors with unique determinants [9] . Finally, this study examined distinct aspects of the neighborhood environment, namely social and physical environmental factors. By identifying social aspects of the neighborhood environment, this study contributes to the existing scientific understanding of the impact of social networks on behavior.
Conclusion
Both social and physical neighborhood environment factors may influence physical activity and sedentary behavior among Latino adults [34] . Focusing on a greater understanding of the distinct social and physical environmental correlates of physical activity and sedentary behavior, both linked to CVD risk, may provide important insights for reducing CVD risk and health disparities among Latinos, a population with high CVD risk. This study was novel in that we examined differences in neighborhood environment factors associated with physical activity and sedentary behavior among Latinos. Future research establishing longitudinal and causal relationships between selected neighborhood environmental characteristics and both physical activity and sedentary behavior will aid in understanding the acute and longterm effects of neighborhoods on health behavior and disease risk in at-risk populations such as Latinos. Such data are critical for the development of targeted public health interventions that effectively reduce CVD risk among Latinos.
